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(54) Spin speed control means for 
laundry spin driers 



(57) Spin speed control apparatus for a 
laundry spin drier includes sensing 
means 25 for monitoring a variable 
representing the cyclic dynamic loading 
imposed on the rotating drum 1 8 by an 
out-of-balance load of clothes in it 
during the spin cycle. The sensing 
means 25 is arranged to generate a 
signal indicative of the monitored 
variable having reached a 
predetermined value. Speed control 
means 44, 45, 47, 48 for the drum motor 
16 is arranged to address and 
interrogate the sensing means 25 at 
successive increments of spin speed 
during the acceleration of the drum in 
the spin cycle and to respond to a signal 
generated by the sensing means at any 
one of the successive incremental 
speeds by controlling the motor 16 to 
continue to run at the then-prevailing 
speed or a lower constant speed. 
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SPECIFICATION 

Spin speed control means for laundry spin driers 

5 This invention relates to spin speed control appa- 
ratus and methods for laundry spin driers, for ex- 
ample such as are incorporated in programme- 
controlled domestic clothes washing machines of 
the single-tub type. 
10 Domestic clothes washing machines of the sin- 
gle-tub type frequently have a fixed outer housing 
or frame in which is resNiently supported a non-ro- 
tary tub which acts as a container for washing and 
rinsing water, and a rotary apertured drum jour- 
15 nailed in and supported by the tub and driven by 
an electric motor at various controlled speeds, ena- 
bling programmed washing and rinsing cycles to 
be performed on a load of clothes inserted into the 
drum, these cycles being at low drum speeds, e.g. 
20 45-55 r.p.m., followed by a relatively low speed 
distribution cycle, e.g. at 82 r.p.m., for distributing 
the wet clothes as uniformly as possible around 
the interior circumference of the drum pripr to a 
high speed spin cycle at a pre selected drum spin 
25 speed for centrifuging the rinsing water from the 
clothes to leave the clothes in a damp condition 
suitable for rapid final drying. 

If the wet clothes are not distributed sufficiently 
uniformly around the inner circumferential wall of 
30 the drum before the spin-dry cycle is started, the 
out-of-balance mass of wet clothes in the drum will 
impose a substantial unbalance cyclic dynamic 
loading on the drum supporting system during the 1 
spin cycle. At high spin speeds these unbalanced 
35 cyclic dynamic loadings will cause substantial vi- 
brations and may impose considerable stresses on 
components of the machine such as the drum 
bearings, the tub spider by which these bearings 
are supported, and the tub suspension means, all 
40 of which have to be designed to withstand these 
cyclic loadings at maximum spin speed under the 
worst out-of-balance conditions. In addition, if the 
amplitude of these vibrations is excessive the os- 
cillating tub assembly may strike the surrounding 
45 frame of the machine causing noise and possibly 
damage. Thus the maximum permitted spin speed 
has to be restricted to accommodate these extreme 
out-of-balance conditions in the drum, even though 
they will only be encountered in a minority of op- 
50 erations of the machine. 

Various proposals have been made for restricting 
these out-of-balance dynamic loadings by monitor- 
ing some variable which is related to the degree of 
out-of-balance of the rotating drum load, and using 
55 the sensed variable to prevent excessive vibrations 
occuring during the spin cycle. For example, it has 
been proposed to monitor the current being taken 
by the drum motor during the spin cycle and to 
use the sensed value of the motor current for con- 
60 trol of the spin speed. 

An object of the invention is to provide an im- 
proved control system or method for preventing 
this dynamic out-of-balance loading from reaching 
an impermissibly high level during the spin cycle 
65 by sensing or monitoring a variable which repre- 
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sents that dynamic loading, which involves con- 
trolling the spin speed in a novel way in response 
to the said variable, for example by means of a mi- 
croprocessor. 

70 Accordingly the present invention from one as- 
pect comprses apparatus for, and a method of, 
controlling the spin speed of a laundry spin drier 
or other centrifuge machine, by sensing at a prede- 
termined spin speed a said variable representing 
75 the out-of-balance dynamic loading imposed on 
the drum by an unbalanced load therein during the 
spin cycle, and in the event of the sensing means 
indicating that the sensed variable has reached a 
certain predetermined peak value, by thereupon 
80 automatically regulating the drum speed to its 
then-prevailing value or to a lower constant speed 
value, or in the alternative event of the sensing 
means not so indicating, by thereupon automati- 
cally increasing the drum speed to a higher value. 
85 The invention from another aspect comprises a 
method of, and apparatus for, sensing and moni- 
toring the said variable representing the out-of-bal- 
ance dynamic loading imposed on the drum during 
the spin cycle, by continuously or intermittently in- 
90 terrogating the output of the monitoring means 
during the angular acceleration of the drum after 
the start of the spin cycle, and in the event of the 
monitoring means indicating at a particular spin 
speed that the out-of-balance dynamic loading has 
95 reached a certain predetermined peak value, there- 
upon automatically regulating the motor speed to 
its then-prevailing speed or to a lower constant 
value. 

in one form of the invention from this latter as- 
100 pect, the monitoring means is interrogated inter- 
mittently at successive predetermined increments 
of spin speed during the spin cycle. In this case, 
the said regulation of the motor may either be to 
its then prevailing speed for the remainder of the 
105 spin cycle, or it may be to that corresponding to 
the preceding next-lower incremental spin speed. 

If the motor regulation was to the speed corre- 
sponding to the preceding next-lower incremental 
spin speed, as mentioned, then either the motor 
110 speed may continue to be regulated to that lower 
spin speed for the remainder of the spin cycle, or 
the monitoring and interrogation may be continued 
at that lower spin speed and, in the event of the 
monitoring means still, or again, indicating the 
115 predetermined peak level of dynamic out-of-bal- 
ance loading, the motor speed may then be re- 
duced again to that corresponding to the next 
preceding, still-lower incremental spin speed. This 
latter monitoring and regulatory sequence cycle 
120 may be repeated as many times as is necessary to 
reduce the sensed out-of-balance loading to below 
the said predetermined peak level. 

Thus the invention from another aspect com- 
prises spin speed control apparatus for a laundry 
125 spin drier, which comprises sensing means for 
monitoring a variable representing the cyclic dy- 
manic loading imposed on the rotating drum by an 
out-of-balance load of clothes in it during the spin 
cycle, the sensing means being arranged to gener- 
130 ate a signal indicative of the monitored variable 
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having reached a predetermined peak value, and 
speed control means for the drum motor, the 
speed control means being arranged to address 
and interrogate the sensing means at successive 
5 increments of spin speed during the acceleration of 
the drum in the spin cycle, and to respond to a 
said signal generated by the sensing means at any 
one of the successive incremental speeds by con- 
trolling the motor to continue to run at the then- 

10 prevailing speed or a lower constant speed. 

In one form of the invention from this last as- 
pect, the motor speed control means is arranged to 
respond to the signal from the sensing means by 
maintaining the drum spin speed at the incremen- 

15 tal speed then prevailing, or at a constant lower 
speed, for the remainder of the spin cycle. 

As indicated above, in the case where in re- 
sponse to the signal the motor speed is controlled 
to a constant lower speed, the monitoring of accel- 

20 e ration may be continued at that lower speed so 
that in the event of a further sensor signal being 
received at that lower speed, the control means 
can be arranged to respond again and lower the 
spin speed to a still lower constant speed. 

25 Conveniently the motor speed control means 
may incorporate a microprocessor. 

The predetermined peak value of the sensed var- 
iable will be chosen as one corresponding to an 
out-of-balance dynamic loading which is known to 

30 be safe and acceptable for that particular machine, 
i.e. sufficiently below the 'breakage' value at which 
unacceptably large vibrations or noise would be 
produced and/or there would be risk of damage . 
being caused by the dynamic loading. The control 

35 system ensures that once that predetermined peak 
value has been reached at a particular incremental 
drum speed during the spin cycle accleration, the 
motor is thereafter controlled either to that spin 
speed or to a constant lower speed, for example 

40 that corresponding to the next lower incremental 
speed. 

The increments of drum spin speed may all be 
equal, for example steps of 100 r.p.m. 
The variable to be monitored as representative 

45 of the cyclic dynamic out-of-balance loading may 
be chosen from several possibilities, such as the 
fluctuations in angular drum speed or motor 
speed, or in the current taken by the drum motor, 
caused by such out-of-balance, or the stress im- 

50 posed on a component of the machine by the out- 
of-balance loading may be measured by means of 
a strain gauge. 

However, according to an optional further fea- 
ture of the invention, from any of the aforesaid as- 

55 pects, where, as in the case of most single-tub 
domestic clothes washing machines, the centrifuge 
drum forms part of a resiliently-mounted assembly 
with an outer non-rotary tub in which the drum is 
rotatably mounted, the sensing and monitoring 

60 means may comprise means for directly sensing 
the oscillatory acceleration of the tub and drum as- 
sembly caused by an out-of-balance load in the ro- 
tating drum during the spin cycle, the said signal 
being indicative of the magnitude of the accelera- 

65 tion having reached a prdetermined peak value. 



A control system incorporating such a means for 
sensing the oscillatory acceleration of the tub is 
the subject of our copending patent application No. * 
8511314 of even date, (Case 1288) which is incor- 
70 porated by reference herein and a copy of whose 
specification is annexed hereto. In its preferred 
form that acceleration sensing means comprises 
an inertia-actuated electric switch. 
As explained in our aforementioned copending 
75 application No. 8511314, the cyclic dynamic load- 
ing imposed on, and reacted to, by the drum and 
other components of the machine by an out-of-bal- 
ance drum load may be taken as being propor- 
tional to the product of the out-of-balance mass 
80 and the square of the speed of drum rotation, and 
has an inverse relationship to the total mass of the 
rotating system, it has now been found by the in- 
ventor that a component in a plane perpendicular 
to the drum axis of the oscillatory acceleration of 
85 the resiliently-mounted tub and drum assembly 
caused by such unbalanced loading is directly rep- 
resentative of the magnitude of the dynamic load- 
ing imposed by the imbalance. The choice of this 
oscillatory acceleration of the resiliently-mounted 
90 assembly as the variable to be monitored ensures 
that the dynamic results of the unbalanced load 
are sensed directly near their source, in terms di- 
rectly related to the dynamic imbalance, and a 
much more accurate control signal can be derived 
95 for controlling the spin speed, than would be pos- 
sible for controlling the spin speed, than would be 
possible using such secondary variables as motor 
current or drum speed fluctuations. 
While the invention has been described above in 
100 relation to laundry spin driers, and to domestic 
clothes washing machines incorporating spin dry 
cycles, it will be realised that it can equally well be 
applied to other forms of centrifuge for domestic, 
industrial, commercial or agricultural use. 
105 Thus, according to the invention from yet an- 
other aspect a method of controlling the spin 
speed of a centrifuge machine, for example a laun- 
dry spin drier, comprises monitoring a variable 
representative of the dynamic loading imposed on 
110 the rotating drum by an out-of-balance load in it 
during the spin cycle, by a sensing means ar- 
ranged to generate a signal indicative of the moni- 
tored variable having reached a predetermined 
peak value, addressing and interrogating the sen- 
115 sing means at successive increments of spin speed 
during the acceleration of the drum in the spin 
cycle, to determine at each such incremental speed 
in turn whether or not the sensing means is gener- 
ating a said signal, and if a signal is being gener- 
120 ated, controlling the drum motor speed in 

response to that signal to cause the motor to con- 
tinue to run at its then-prevaiJing speed, or at a 
lower constant speed; or if no signal is being gen- 
erated, raising the spin speed by the next incre- 
125 ment. 

In this method, the sensing means may monitor 
the oscillatory accelerations of a resiliently- 
mounted assembly of the drum and a non-rotary 
outer housing, for example by means of an inertia- 
130 actuated electric switch. 
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In one form of this method the motor is con- 
trolled in response to a signal being generated by 
the addressed sensing means to continue to run at 
the incremental speed then prevailing, or at a con- 
5 stant lower speed, for the remainder of the spin 70 
cycle. 

In another form of this method, in which the mo- 
tor is controlled in response to a signal generated 
by the addressed sensing means to a constant 
10 lower speed, the monitoring and interrogation may 
then be continued, and if the addressed sensing 
means then still, or again, generates a said signal, 
the motor speed may be lowered in response to 
that signal by a further decrement of spin speed to 
15 the next-lower incremental spin speed level, and 
so on, as discussed above. 

In another form of the method, however, the 
motor is controlled to reduce its speed from that 
prevailing when the addressed sensor is generated 
20 a signal, to the previous next-lower incremental 
speed, and then to repeat the address, interroga- 
tion, and incremental control sequence. 

The invention may be carried into practice in 
various ways, but one specific embodiment and a 
25 modification thereof will now be specifically de- 90 
scribed by way of example only and with reference 
to the accompanying drawings, in which 

Figures 1 and 2 are diagrammatic rear and side 
views of the interior of a single-tub clothes wash- 
30 ing machine microprocessor motor spin control by 
tub oscillation acceleration sensing. 

Figure 3 is a detail view of one form of inertia 
switch for use as the acceleration sensor for the 
machine of Figures 1 and 2, 
35 Figure 4 shows an alternative form of inertia 
switch for use as the acceleration sensor, 

Figure 5 is a block diagram showing the inter-re- 
lationship of the various components and functions 
of the control system used in the machine of Fig- 
40 ures 1 and 2, and 

Figure 6 is a flow-chart of the programme of 
control operations performed by the system of Fig- 
ure 5 in a spin cycle. 
Figures 1 and 2 show a programme-controlled 
45 single-tub domestic clothes washing machine 10 110 
with a high-speed spin-dry facility. The machine 10 
has an outer frame or housing 11 which is floor- 
standing and is provided with a door 12 in its front 
wall. A non-rotary tub 13 is suspended in the hous- 
50 ing 11 by means of spring suspension units 14 and 
damper struts 15, and supports an electric motor 
16 on its lower external side. The mouth of the tub 
is resiliently sealed to the frame of the door 12 by 
a bellows 17. A rotary perforated centrifuge drum 
55 18 is journalled with its axis 19 horizontal in bear- 120 
ings 20 supported by a spider 21 secured to the 
rear wall of the tub 13, and the motor shaft 27 is 
coupled to the shaft of the drum 18 by means of a 
speed-reducing belt-and-pulley transmission 22. An 
60 out-of-balance acceleration sensor 25 in the form 125 
of an inertia switch is mounted on the upper exte- 
rior of the tub 13 in a position shown close to, but 
preferably lying in, a plane 26 containing the drum 
shaft axis 19 and the centre of gravity 28 of the 
65 suspended system, and on the side of the drum 130 



100 



105 



115 



shaft axis 19 remote from the centre of gravity. 

The sensor 25 is mounted on the tub 13 to sense 
and respond to components of the tub oscillating 
acceleration in the horizontal direction shown by 
the double-headed arrow 30 in Figure 1, in a plane 
perpendicular to the drum axis of rotation 19. The 
sensor 25 comprises an inertia switch, one con- 
struction of which is illustrated in Figure 3. As 
shown the switch 25 of Figure 3 comprises a hous- 
ing 31 supporting a fixed contact 32. A cooperating 
movable contact 33 is mounted on the upper end 
of a leaf spring conductor 34 whose lower end is 
fixed in the housing wail and which is arranged to 
bias the moving contact 33 away from the fixed 
contact 32 and against a back stop 36. An adjust- 
ment screw 37 is provided as shown in the hous- 
ing wall for cooperation with the leaf spring 34 for 
contact adjustment if necessary. The switch termi- 
nals are shown at 38,39. The switch 25 is mounted 
on the tub 13 with the length of the leaf spring 
perpendicular to the arrow 27 in Figure 1, and with 
the centre line (not shown) of the two contacts 
32,33 parallel to the arrow 27, i.e. so that it can re- 
spond to horizontal components of acceleration of 
the tub in the direction of arrow 27 by closing the 
normally-open contacts 32,33. The mass of the 
movable contact 33 and the strength of the leaf 
spring 34 are so chosen that the contact 33 will 
just move into closing engagement with the fixed 
contact 32 to close the switch in response to a pre- 
determined peak acceleration value, and will sepa- 
rate again from contact 32 under the action of the 
spring 34 very shortly after closing. In this particu- 
lar machine this peak value of acceleration is cho- 
sen to be about 15 g, which is roughly half of the 
'breakage' value at which damage to the bearing 
or other parts of the machine is likely to occur. 

Figure 4 shows an alternative form of inertia 
switch 25A which may be used instead of the nor- 
mally-open switch 25. This is a normally-closed 
switch whose moving contact 33A is slidable in a 
cylindrical housing 31 A provided with a screw cap 
31 B, the moving contact being biassed by a coil 
spring 34A into engagement with a fixed contact 
32A at the end of the cylinder remote from the cap 
31 B. The switch terminals are shown at 38A and 
39A. The switch would be set to just open under 
an applied acceleration of 15g, which would be 
created by an out-of-balance mass of 1 kg at a spin 
speed of 1100 r.p.m. This form of normally-closed 
switch 25A may be found preferably in the present 
system, as it is likely to have a longer life and 
greater reliability, with less risk of malfunction due 
to contact erosion, and contact pressure in the nor- 
mally-closed state being high. 

Figure 5 shows the control system in block dia- 
gram form. The motor 16 which drives the drum 
18 is for example a series-would a.c. commutator 
motor, whose, speed is controlled by varying the 
firing angle of a series-connected triac 45. The mo- 
tor supply terminals are shown at 42 and 43. A mi- 
croprocessor indicated by the broken-line rectangle 
44 is used to control the firing of the triac and 
hence the speed of the motor. The microprocessor 
includes a comparator 47 which compares a speed 
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demand signal from the speed select logic 48 with 
a measured speed signal supplied from the motor 
shaft tachometer 54 via processing circuitry 50. 
The speed select logic 48 addresses the out-of-bal- 
5 ance sensor switch 25 or 25A as well as the motor 
speed register 51 (which stores values in incre- 
ments of spin speed of 100 r.p.m.) and the pro- 
gramme sequencer 49. The comparator output is 
to the triac conduction period generator 52, and 

10 thence via the gate pulse generator 53 to the con- 
trol electrode 55 of the motor triac 45. 

The sequence of logic steps controlled by the 
microprocessor is shown diagrammatically in Fig- 
ure 6. The operation of the system will now be de- 

15 scribed with particular reference to that figure. ^ 
Reference 100 in Figure 6 indicates the low-speed 
distribution cycle, which is performed at say 82 
r.p.m. under the control of the sequencer 49 to dis- 
tribute the washed and rinsed clothes as uniformly 

20 as possibly around the interior circumference of 
the drum 18. On conclusion of the distribution 
cycle the spin cycle is started from that low speed 
(e.g. 82 r.p.m.) or from zero drum speed, and the 
motor 16 accelerates the drum. When a drum 

25 speed of 800 r.p.m. has been reached, reference 
101, the microprocessor 46 addresses and interro- 
gates the inertia switch 25 or 25A to see (reference 
102) whether its contacts 32,33 or 32A,33A, are 
closing/opening to provide a signal. As indicated 

30 above, so long as the acceleration of the tub 13 
and drum 18 assembly due to any out-of-balance 
in the drum load is below the predetermined peak 
value (15g) known to be safe, the switch 25,25A 
will remain open/closed. If however the dynamic 

35_ loading is excessive, giving rise to accelerations 
above that predetermined value at 800 r.p.m., the 
contacts 32,33 of the inertia switch will just close 
(or just open in the case of the contacts 32A,33A of 
the normally-closed switch 25A}, and therefore the 

40 contacts will continue to open and close in syn- 
chronism with the cyclic acceleration to the tub. 
This opening and closing of the contacts is a signal 
recognised by the speed select logic 48 of the mi- 
croprocessor, which will then control the motor 
45 speed to a maintained drum speed value of 800 
r.p.m. (reference 130) for the remainder of the spin 
cycle. 

If however when the switch 25,25A is addressed 
at 800 r.p.m. (reference 102) there is no signal to 

50 be detected by the microprocessor because the 
out-of-balance acceleration has not reached the 
predetermined safe value, the microprocessor then 
raises the motor speed to a spin speed of 900 
r.p.m., i.e. an increment of 100 r.p.m. (reference 

55 103). At that incremental speed the microprocessor 
again interrogates the switch 25 or 25A to deter- 
mine whether there is a signal (reference 104). If 
there is not, the microprocessor will increase the 
motor speed to reach a drum spin speed of 1000 

60 r.p.m., a further increment of 100 r.p.m. (reference 
105). If, however, there is a signal at reference 104, 
indicating that the predetermined acceleration 
value has been reached due to an imbalance in the 
drum load, then the microprocessor will respond 

65 to the signal by at once reducing the motor speed 
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to the previous incremental drum speed of 800 
r.p.m. (reference 131). 

The acceleration monitoring and the interroga- 
tion of the inertia switch output by the micropro- 

70 cessor is continued after a spin speed reduction to 
any incremental speed in excess of 800 r.p.m., and 
in the event of a switch signal being detected at 
that reduced incremental speed, indicating that the 
suspended assembly acceleration is still, or is one 

75 more, at or above the predetermined peak value, 
the microprocessor is arranged to reduce the mo- 
tor speed by one or more further decrements of 
100 r.p.m. spin speed, until no switch signal is de- 
tected. 

80 This is shown diagrammatically in Rgure 6 for 
the block 135 only, where the speed has been re- 
duced by 100 r.p.m. to 1200 r.p.m. If the contacts 
do not signal at that spin speed, (reference 151) 
the spin speed is maintained at 1200 r.p.m. for the 

85 remainder of the spin cycle (reference 1 52). If how- 
ever the contacts continue to signal, or again start 
signalling, in block 151 at 1200 r.p.m., then the 
spin speed is further reduced by 100 r.p.m. to 1100 
r.p.m. (reference 153). This sequence cycle will be 

90 repeated as many times as necessary, cascading 
the spin speed down through successive decre- 
ments of 100 r.p.m., until no contact signal is de- 
tected and the speed then reached will be 
maintained. 

95 Figure 6 shows these further interrogation and 
response sequences starting at the reduced incre- 
mental speed of 1200 r.p.m. (reference 135) only, 
but it will be understood that they will take place 
similarly at each reduced incremental speed above 

100 800 r.p.m. (reference 132-137), the speed being re- 
duced by a further decrement of 100 r.p.m. each 
time a signal is sensed. 

It will be seen from Rgure 6 that the micropro- 
cessor programme can continue step by step from 

105 that stage, successively raising the drum speed by 
increments of 100 r.p.m. and interrogating the 
switch at each incremental speed (references 101 
to 117), and that if no signal occurs at any of these 
incremental speeds the drum speed can be raised 

110 to the maximum available value, in this case 1500 
r.p.m. (reference 115) and maintained at that maxi- 
mum speed for the remainder of the spin cycle. If, 
however, at any incremental speed above 800 
r.p.m. the microprocessor detects a signal, it will 

115 thereupon reduce the drum speed by one or more 
decrements of 100 r.p.m. until no signal is de- 
tected, thus ensuring that the predetermined value 
of the out-of-balance acceleration is not exceeded 
for that particular degree of load imbalance as a 

120 result of too high a spin speed. 

The form of spin speed control provided by the 
system described makes it possible to uprate a 
standard washing machine to a higher maximum 
available spin speed than would otherwise be safe 

125 under conditions of serious load imbalance in the 
drum, since the control system ensures that for 
any possible degree of drum load imbalance the 
drum spin speed will always be controlled so that 
it does not exceed the value corresponding to a 

130 predetermined degre of dynamic out-of-balance 
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stressing known to be safe. In most drum loads 
which are well distributed and more or less in bal- 
ance, the system automatically allows a high spin 
speed, and in many cases the maximum available 
5 spin speed of 1500 r.p.m., to be used. 

As well as ensuring that the spin speed is always 
restricted to the maximum allowable for the partic- 
ular clothes load involved, the control system de- 
scribed and illustrated has other advantages. It is 
10 simple and inexpensive to manufacture and install. 
It enables the maximum available spin speed of a 
particular washing machine to be safely increased 
without the necessity for increasing the strength of 
existing components of the machine that are sub- 
15 ject to the dynamic out-of- balance stressing. The 
response provided by an inertia control type of ac- 
celeration sensor is directly related to the out-of- 
balance stresses which produce those accelera- 
tions, as contrasted with possible arrangements in 
20 which a secondary parameter such as fluctuating 
motor current or drum speed is sensed. Motor de- 
sign is simplified since it is no longer necessary to 
design into the motor means for dropping the high 
motor speed at high out-of-balance loading. Con- 
25 tact wear in the inertia switch is minimised, as the 
contact pressure is practically zero at make-and- 
break, so that considerably longer contact life 
should be achieved than is usual in microswitches 
and relays. 

30 If the normally-open inertia switch 25 is provided 
with a second fixed contact behind the moving 
contact 33, in place of the back stop 36, this could 
be arranged to be contacted by the moving contact 
to provide a signal to the microprocessor, or to 

35 some additional emergency circuit, to stop the mo- 
tor drive and switch the machine off altogether, in- 
the event of exceptionally great tub acceleration 
being sensed due to some fault in the system. 
The use of a normally-closed inertia switch such 

40 as that shown in Figure 4 may also provide the 
system with a fail-safe characteristic, since in the 
event of a lead to the switch becoming inadvert- 
ently disconnected or broken in use, or of a break- 
age of the biasing spring of the movable contact, 

45 the microprocessor may be arranged to respond to 
the resultant loss of output voltage from the switch 
by automatically controlling the spin speed to a 
lower preset value, for example 500 r.p.m. or to 
zero. 

50 The spin speed control system of the present in- 
vention is designed to operate at spin speeds dur- 
ing the spin cycle itself, and to prevent excessive 
dynamic stressing of the machine during the spin 
cycle due to dut-of-ba lance loading of the drum. 

55 There is, however, another form of dynamic dis- 
turbance to which spin driers are liable, and that is 
a large-amplitude low-frequency oscillation of the 
tub/drum assembly which may occur at a quite low 
critical drum speed shortly after the drum has 

60 started to rotate, due to resonance with the natural 
frequency of the tub/drum suspension system. 

However, according to a further optional feature 
of the present invention, a washing machine or 
spin drier may be provided with a first sensor 

65 means for monitoring a variable representing the 



cyclic dynamic loading imposed on the drum dur- 
ing the spin cycle, and associated speed control 
means for interrogating the sensor and controlling 
the drum spin speed during the spin cycle if any of 

70 the ways discussed above, and with a second sen- 
sor, e.g. an inertia switch, responsive to the low- 
speed resonance oscillation at the critical low 
speed just referred to. This second sensor may op- 
erate means arranged to abort the prospective spin 

75 cycle and initiate a further distribution cycle, with a 
view to achieving a better-balanced distribution of 
the load in the drum before starting the high-speed 
spin cycle; or it may be used to stop the machine 
altogether so as to allow manual redistribution of 

80 the load in the drum. 

CLAIMS 

1. A method of controlling the spin speed of a 
85 laundry spin drier or other centrifuge machine, 

which comprises sensing at a predetermined spin 
speed a said variable representing the out-of-bal- 
ance dynamic loading imposed on the drum by an 
unbalanced load therein during the spin cycle, and 

90 in the event of the sensing means indicating that 
the sensed variable has reached a certain predeter- 
mined peak value, thereupon automatically regu- 
lating the drum speed to its then-prevailing value 
or to a lower constant speed value, or in the alter- 

95 native event of the sensing means not so indicat- 
ing, thereupon automatically increasing the drum 
speed to a higher value. 

2. A method of controlling the spin speed of a 
laundry spin drier or other centrifuge machine 

100 which comprises sensing and monitoring the said 
variable representing the out-of-balance dynamic 
loading imposed on the drum during the spin 
cycle, by continuously or intermittently interrogat- 
ing the output of the monitoring means during the 

105 angular acceleration of the drum after the start of 
the spin cycle, and in the event of the monitoring 
means indicating at a particular spin speed that the 
out-of-balance dynamic loading has reached a cer- 
tain predetermined peak value, thereupon auto- 

110 matically regulating the motor speed to its therv* 
prevailing speed or to a lower constant value. 

3. A method as claimed in claim 2 in which the 
monitoring means is interrogated intermittently at 
successive predetermined increments of spin 

115 speed during the spin cycle. 

4. A method as claimed in claim 3 in which the 
said increments of spin speed are all equal. 

5. A method as claimed in claim 3 or claim 4, in 
which the said regulation of the motor is to its 

120 then-prevailing speed for the remainder of the spin 
cycle. 

6. A method as claimed in claim 3 or claim 4, in 
which the said regulation of the motor is to that 
corresponding to the preceding next-lower incre- 

125 mental spin speed. 

7. A method as claimed in claim 6 in which the 
said regulations to the next-lower incremental spin 
speed is continued for the remainder of the spin 
cycle. 

130 8. A method as claimed in claim 6 in which the 
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monitoring and interrogation is continued at that 
lower spin speed and, in the event of the monitor- 
ing means still, or again, indicating the predeter- 
mined peak level of dynamic out-of-balance 
5 loading, the motor speed is then reduced again to 
that corresponding to the next preceding, still- 
lower incremental spin speed, this latter monitor- 
ing and regulatory sequence cycle being repeated 
as many times as is necessary to reduce the 
10 sensed out-of-balance loading to below the said 
predetermined peak level. 

9. Spin speed control apparatus for a laundry 
spin drier, which comprises sensing means for 
monitoring a variable representing the cyclic dy- 

15 namic loading imposed on the rotating drum by an 
out-of-balance load of clothes in it during the spin 
cycle, the sensing means being arranged to gener- 
ate a signal indicative of the monitored variable 
being reached a predetermined peak value, and 

20 speed control means for the drum motor, the 
speed control means being arranged to address 
and interrogate the sensing means at successive 
increments of spin speed during the acceleration of 
the drum in the spin cycle, and to respond to a 

25 said signal generated by the sensing means at any 
one of the successive incremental speeds by con- 
trolling the motor to continue to run at the then- 
prevailing speed or a lower constant speed. 

10. Apparatus as claimed in claim 9 in which 
30 the said increments of spin speed are all equal. 

11. Apparatus as claimed in claim 9 or claim 10 
in which the motor speed control means is ar- 
ranged to respond to the signal from the sensing 
means by maintaining the drum spin speed at the 

35 incremental speed then prevailing, or at a constant 
lower speed, for the remainder of the spin cycle. 

12. Apparatus as claimed in claim 9 or claim 10, 
in which the motor speed control means is ar- 
ranged to respond to the signal from the sensing 

40 means by controlling the motor speed to a con- 
stant lower speed, and the apparatus is con- 
structed and arranged to continue the monitoring 
of acceleration at that lower speed so that in the 
event of a further sensor signal being received at 

45 that lower speed, the control means will respond 
again and lower the speed to a still lower constant 
speed. 

13. Apparatus as claimed in any one of claims 8 
to 12 in which the motor speed control means in- 

50 corporates a microprocessor. 

14. A method as claimed in any one of claims 1 
to 8, for use with a machine whose centrifuge 
drum forms part of a resiliently-mounted assembly 
with an outer non-rotary tub in which the drum is 

55 rotatably mounted, in which the variable sensed is 
the oscillatory accelerations of the tub and drum 
assembly caused by an out-of-balance load in the 
rotating drum during the spin cycle. 

15. Apparatus as claimed in any one of claims 8 
60 to 13, for use with a machine whose centrifuge 

drum forms part of a resiliently-mounted ass mbiy 
with an outer non-rotary tub in which the drum is 
rotatably mounted, in which apparatus the sensing 
means comprises means for directly sensing the 
65 oscillatory acceleration of the tub and drum as- 
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sembiy caused by an out-of-balance load in the ro- 
tating drum during the spin cycle. 

16. Apparatus as claimed in claim 15, in which 
the sensing means comprises an inertia switch, 

70 mounted on the tub of the assembly. 

17. A method of controlling the spin speed of a 
centrifuge machine, for example a laundry spin 
drier, which comprises monitoring a variable rep- 
resentative of the dynamic loading imposed on the 

75 rotating drum by an out-of-balance load in it dur- 
ing the spin cycle, by a sensing means arranged to 
generate a signal indicative of the monitored varia- 
ble having reached a predetermined peak value, 
addressing and interrogating the sensing means at 
80 successive increments of spin speed during the ac- 
celeration of the drum in the spin cycle, to deter- 
mine at each such incremental speed in turn 
whether or not the sensing means is generating a 
said signal, and if a signal is being generated, cbn- 
85 trolling the drum motor speed in response to that 
signal to cause the motor to continue to run at its 
then-prevailing speed, or at a lower constant 
speed; or if no signal is being generated, raising 
the spin speed by the next increment. 
90 18. A method as claimed in claim 17 in which 
the sensing means monitors the oscillatory accel- 
erations of a resiliently-mounted assembly of the 
drum and a non-rotary outer housing, for example 
by means of an inertia-actuated electric switch. 
95 19. A method as claimed in claim 17 or claim 
18 in which the motor is controlled in response to 
a signal being generated by the addressed sensing 
means to continue to run at the incremental speed 
then prevailing, or at a constant lower speed, for 

100 the remainder of the spin cycle. 

* 20. A method as claimed in claim 17 or claim 
18 in which the motor is controlled in response to 
a signal generated by the addressed sensing 
means to a constant lower speed and in which the 

105 monitoring and interrogation is then continued, 
and if the addressed sensing means then still, or 
again, generates a said signal, the motor speed is 
then lowered in response to that signal by a fur- 
ther decrement of spin speed to the next-lower in- 

110 cremental spin speed level. 

21. A method as claimed in claim 17 or claim 
18 in which the motor is controlled to reduce its 
speed from that prevailing when the addressed 
sensor is generating a signal, to the previous next- 

115 lower incremental speed, and the address, interro- 
gation, and incremental control sequence is then 
repeated. 
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